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(54) Photochrome curable composition 

TJr^^lT irTVenti ° n rel8teS 10 a P h0tochromic arable composition suited for the production of a photochro- 

favorable photochrom.c propert.es such as a large color density, and having good fatigue resistance aZto a ohnto 

chrom.c.ens obtained b^cun^ 

artenzedtycx)^ 

contanrng (meth)acrylate polymerizable monomer represented by the following general formula (1) 
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and 0.001 to 10 parts by weight of a photochrome compound. 
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BACKGROUND OF THF INVENTION 
(Field of the Invention) 

E. 1 1 J^Tu"' inVenti ° n r6,a,eS to a Photo^wmc arable composition suited for the production of a phctochro- 

t^ST^T^l ^ 35 3 ^ Cd ° r a0d ha ^ 3 900d fati 9 ue resistance - S pnotc? 

chromic lens obtained by cunng the photochromic curable composition. 

(Prior Art) 

SJIS^L* ?t . 19 merCUry ' amP> ^ r6SUmeS te ini8al COl0r when » is no ^er irradiated with light 
and « ptaced ,n a dark place. The compound having such a property is called photochromic compound. The com- 
pounds having a variety of structures have heretofore been synthesized and proposed 

L * q A Photochromic plastic lens is the one that utilizes the photochromism. For example Japanese Unexamined 
Patem Pubhcaton (Kotai) No 12 4790/1991 proposes a photochromic curable composition £££ dSTgl 
photochromic compound ,n a radically polymerizable monomer, and discloses a mZl of obtaining a^SZic 
™"*^**^^™™^°<^*on. Particularly, this r*<blk^ 

Een lS e ^ ired I° Pr °^ e ,en86S for 6peCteCles havin9 w sma " t"i«*»esses. Therefore, improvement 
has been forwarded extensrvely in order to provide a resin that exhibits a high refractive index and a variety of cured 

concerned to the photochromic lenses having refractive indexes in excess of 1.56. and no technology has been oosi 

S^T^T!^ 95 9eneral hi 3 hlv re ^e polymerizable monomers. However, these £Z 

r^T a % P ^ 6 *** reSi8tances in the Ph^omic properties compared to that o^e lowly 
f aC f? "'fr*?* haVS Sma " co,or denaties and ^ "* "once. Xable aspSSS 

12' Jthe i^^i deSired , to J ncrease *• ™»* in order to improve the chromatic abenafcn Ze 

enses of the spectacles. In general, however, the Abbe's number decreases with an increase in the refractive index It 

hV^fn ^ 58 * e At * e ' S nUmber « the hi9h 'y refractive P' astic "~ for spectecleT 2S5nS 5 

SSl^h- h'TS 3 P ""** ,B Ph0tochramic composition having excellent oXl^ 

ChS;^ 

[0005J Japanese Patent No. 2570776 (Japanese Unexamined Patent Publication (Kbkai) No. 128966/1989) discloses 
a ^.Bur-contaning , aliphatic acrylic compound that can be cast-polymerized, that gives a cured product hSma hS, 
refract index and a .arge Abbes number upon the polymerization, and that is expressed by 




zesssek: sssssse* and R "' is - cHa - - cH2CH2 - - cH2CH2CH2 -- - C ^ 2 CH 2 , - 

Spho^ 
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pound have also been known as photochromic compounds. These compounds develop colors of tones of oenerallv 
orange ,o yellow ,n the case of a chromene compound and reddish purple to b«ue in the case of VS^lJrEX 

K J thi , Jhr nerall » d l red ^ photochromic ,ens O^^aJly develops a color of a tone of grey, amber or brown 
When the above-mentoned compounds are used alone, however, a desired nei*al<xrfor is notched in many ca^' 

a spirooxazine compound hav , ng dlfferent ^ tones at any ^p^,, ratjos ^ 8 Un^aiS 

22^S5f 0 'l h° 124 !! 0/1991 diSCl0S6S 3 ^ 01 *■»'*«» a " "«*- <^ remixing a TZenl 
compound and a fulg.mde compound together, and Japanese Unexamined Patent Publication (Kokai) No, 9469/1993 
fectoses a method of obtaining an neutral color by mixing a chromene compound and a spireme conpouS 
together. Furthermore, DE 4325154 teaches developing various neutral colors inaddition to grey, an^w a^b^own by 
mix.ng a sp.rooxaz.ne compound, a chromene compound and a fulgimide compound together. 

SUMMARY OF THE INVFNTION 

• • "l? 5 th6refore b6en d6Sired t0 develop a new techr.°k>gy to compensate for the above-mentioned defects 

l^T^ZZT £ UCt hav,n S. exce,lent «** as a high refracfive index and a large Abbe's 

tochrormc lens obtained by curing the photochromic curable composition asapno 
""I? J?" PreS6nt inVent0rS ^ oonductod keen concerning the composition for obtaining a photochromic 

M a rStt hi h P T C ST*** 3 la ' 9e density «* exce,lent fa «3 ue ««**»«* 

As a result the .nventors have dscovered the fact that a photochromic curable composition containing a particular 

properties, and have thus completed the present invention. mwraonea 

by waght of a polymer.zable monomer containing at least 10% by weight of a sulfur-containing (methlacrylate pdynv 
enzable monomer represented by the following general formula (1), ;acryiaie poiym 



Rl R2R3 R2R3 Rl 

CH 2 = C - CO-(CHCHS-) n -CHCH - OC - C = CH 2 (1) 



wherein m, re and R3may be the same or drfferem and are hydrogen atorm or 
and 0.001 to 10 parte by weight of a photochromic compound. 

[0012] In the photochromic curable composition of the present invention, it is desired that: 

1. The sUfur^ntaining (meth)acrylate polymerizable monomer is: 

a bis(2-methacryloyloxyethylthioethyt) sulfide; 

a bis(2-acryloyloxyethylthioethyl) sulfide; 

a bis(2-methaCTytoyloxyisopropyrthioisopropyl) sulfide; 

a bis(2-methacryioyloxyethyl) sulfide; or 

a 1 ,2-bis(2-methacryloyloxyethylthio) ethane; 

2 The sulfur-craning (meth)acrylate polymerizable monomer is a polymerizable monomer prepared by the ester 
interchange of a (meth)acrylic acid ester and an alcohol; and 
3. The polymerizable monomer comprises: 
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z:i%z% ^t^sr^ (meth)acry,a,e ™™ * » e 



_ * 4 R7 
CH 2 - C - C - O -f-R5— 0-Vf-R6-O-^-CH 2 C CH 2 

O \/ 



15 



20 



25 



30 



(2) 



wherein R4 and R7 may be the same or different and are hydrogen atoms or methyl groups R5 and R6 
are the same or different alkylene groups having 1 to 4 carbon atoms, which may be suSl^l a 
hydroxy! group, or a group represented by the formula n a 




CH3 

/ and 



p and q are 0 or 1 , respectively, 

(D) 0 to 200 parts by weight of a styryl polymerizable monomer; and 
4. The above-mentioned polymerizable monomer contains: 
« 100 parts by weight of the above-mentioned component (A)- 

DETAILED nFRflRIPTIOM r>P THE PRFFFRRFp EMROniMFMTR 
(Polymerizable monomer) 
[0014] '"thephotochmmiccuraUeco,^ 
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55 
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^a?fo?n^t 9 0)° f * SUlfUr - COnta,nin9 f meth ^'ate polymerizable monomer represented by the ab^mentioned gen- 

5 SL^oES p I y " Mr ° 9en a,0mS fr0m *" Btan * oint * increasin 9 *e refractive index of the cured product 
s that is obtained. Furthermore, n is an integer which may be 1 to 10 but, particularly 1 to 5 from the standrJr* r* h«* 
resistance and hardness of the cured product that is obtained standpoint of heat 

[0016] Concrete examples of the polymerizable monomer represented by the general formula (1) include bismuth 
ST^y^i- ^'^aW ■** 1.2-bis(methacr yto y.0)?ethyHhto) Sne T 2 SStoy-" 
toxyethy^o) ethane, b,s(2-methacryloyloxv e thylthioethyl) sulfide, bis(2-acryloyloxyethylthioethyl) suS 2 
10 b^rnethacryoWoxyeth^thioeWo) ethane, 1,2- tt s(acryloyloxy^ioethy« h fo) ethaC UM^ZJS. 
o^.sopropylth,o.soprcpyl) sulfide, and l^-bisCacryloyloxyisopropylthioisopropyO sulfide "Wacryloy 
Z 2L**m ^ °'! he t present inv « mion is exh «ed even by a single polymerizable monomer expressed by the gen- 
eral formula (1). In order to .mprove the moldability of the composition, physical properties optical orooerljes and 

EET^? ^TT ^ copo '* merizable m order to maintain a high refractive index and a Se 

Abbe s number of the obta.ned cured product, however, the anrcunt of the rx>lymer^^^ 

polymenzable monomers that are copolymerizable therewith. More preferably, the amount of miSmSS^ 
TZT^T* by 9enefal formula (1) lies wer a ra "9 e °f fr ™ '20 to 9hbywW ^ 
SS by a^meS in ^ f «* ^ P 0 *"*"— * the present invention can be pre- 

wS 2 S t ^ preferably, by an ester interchange method. The ester interchange method is the one in 

^,£22" Resented by methyl (meth)acrylate. in order to foZhe desiredimeTh)ZS 

,™ aWe m ° n0mer and an alcoho1 due to the (meth)acrylic acid ester ' ^ 

[0019] Generally, the (methjacrylic add ester is produced by (1) a method of subjecting an alcohol derivative whirr, 

acid ester polymerizable monomer with a (meth)acrylic acid chloride in the oresence of a ha^ m ^Z^J^Z T 

EK> aC S ^ (4) 3 ^ rfsub ^ in 9 ^e alcohol derivative which is^erxtou^ 

££ £ 5 1 P*™* - * mononw and « ("^acrylic add ester to the ester imeTchangTridton 
S ^ . commercially available (methjacrylic add esters used for the photochrome material ZL 
2ft, ,r? deS ^ th0SS pr0duced tne method < 1 >- w hen « commercially a^tabteTSitaSS! 
used for the photochromic material and when a fulgimide compound is used as L ptSiSSSS fetaue 
35 ^stance in the photochromic properties is not exhibited to a sufficient degree. Vvientn SnTSSnS o 1 
*™*"°compourKiisusedasthep* 

lm e ,S^ and . be8ideS - 1 fali9lJe re6iS,anCe iS ^ to a «**nt degree^ he fu^xTntlS 

E'SJ f , 8 for exh,brt,ng 1hiS eBtel te not yet il is P resum «» »at trace amounts of impuSes 

atohoUnd any method may be employed. Described below are representative methods thatare generaTy^aSy 

[0023] The alcohol which is a starting material of the desired sulfur-containing (meth)acrylic add ester polymerizable 
« E^^Z^^^^L 8 P"*™-****-*- (methjacry.lc add ester p+££S£Z£ 
ever, des, ed to Muse those (meth)acrylic acid esters which form alcohols having too high molecular weights or too tZ. 

wS S?^ ,S ' 11 5 , **? 10 ^ -U * 8 (me,h)aCryliC acW ^ *« forms 9 an aS5 Sf. iSeSr 
waght and a boihng port lower than those of the alcohol which is another starting material The most DrefZdTd 

LTL^f ^rj**'^ thS imefChan98 03,1 be at a hi 9" reacfonrate maSS a high 

y-dd. Any known catalysts can be used without any limitation. Generally, there can be used an acid caSvstluch^ 
suHunc aodor p-tduenesu»bnic acid, or a base catalyst such as potassium alkoxide, sodium atoxS^Sum 
hydroxde, sodium hydroxide, potassium carbonate, cesium hydroxide, or cesium carbonate. Prefer^ ^SyS 
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is used. More preferably, cesium carbonate is used. A combination of the base catalyst with an phase-transfer catalvst 
«*o effective. As the phase-transfer catalyst, there can be used a quaternary anJmonium saS ^^as Saw 
ammonmm brorn^e tetrabutylammonium bromide or benzyftriethylammonium bromide; a quaternary pZS, 
r^Iih^f if V C P ^ T Ch ' 0ride ° r t *"P^f*OBphonium bromide; or a crown ether such as^8 crawJ 6 
or d,benzo 18 crown 6. From the standpoint of cost and toxicity, however, it is desired to use a quaternary amZum 

ST!!. ■ ^ ^ interchange «" be accomplished by using various solvents. Examples of the generally employed 
solvit ,nclude hydrocarbon solvents such as hexane. cyclohexane. heptane, benzen* toluene and Se eTherS 

SS^rt^trS^ ^ dk3XanC; hal09en SUCh 35 ^ornetha^oZa^. 

^ „ t S ° lventS SUCh aS acetone ' 2 -**««» ^ cyclohexanone. These solvents may be suitably 
aetata! appending upon the catalyst that is used. Preferably, however, a hydrocarbon solvent is used " 
[0027] The reaction temperature is generally from 0 to 200«C though there is no particular limitation When the reac- 
ton temperature .too low. an extended period of time is required before the ester L^^mSm^S^Si 

W ^ reaction fime is generally from 1 to 50 hours though it varies depending upon the reaction ternoeraturP 

[0029] The ester interchange is an equilibrium reaction. In order to execute the ester interchange reaction at a larae 
"7 3 *"*r* * * *** to carry out the reaction while removing 

"e etTorrJlZ I^ES ^ ^ ?° h0 ' remW6d * any *™ without S££S£ 

S^^S^I ? remW,nS alCOh0 ' by distilla,ion and a method * rem cving a'cohol by permitting alco- 

hol to be adsorbed by an adsorbing agent such as a molecular sieve or the (ike ^ permming aico- 

S ^"Jjl* t0 « Carn : 0Ut '^.^ imerchan 9 ereadfon b y ao^ingapolymenzation inhibitor 
ETTEZ PO ^^aton of an alkyl ester of (meth)acrylic acid which is the starting material and of the reaclio ZcS- 
,nl2 ^rT Z8 " 0n ' nh,brto l «" * used «V k"°wn compound without limitation. Co^SSS 
n ^?^2L, P ^ ym !: 2at ' 0n ' nh,b,,0re ^ 35 Mroquinone. p-methoxyphenol. ^i-t-butyM-methyl^o^nl 
p-^lcatecholiphenothiaz.ne. copper chloride (II), iron chloride (III), etc. Among them it is desired to Stoo met£ 
oxypheno. and p-t-butylcatechol from the standpoint of ability for inhibiting me polymerization ^cSSSSSS: 
£££^£ Tm ^ *• Pf0dUCt fr ° m ^ r6aC,i0n P™*** afterThe reaction. The amouS 
tornToTteTr^h T^^" 9 UPOn *" W " d ° f *• inhibitor and ,he ^on temperature bui J SnlaVy 
. J V we, . flhtand - P"*™"* from0 - 1 to 5%byweightof the alcohol that is used. * 
L^Ll?? , ,nVenti0n ' COnc '*' examples 01 the compound that can be favorably used as a polymerizabte 
monomer wh,ch » copolymenzable with the polymerizable monomer represented by the genera, formula (S 

Z^^°? a ' < me ! n)a 7 ,ate Polymerizable monomers such as gfycidyl (methjacrylate. B-methylglycidvl 
SfL^V'T 081 ^*' rnethacrylate. 4-glyddylacybuV. i*£^w£$ 
T^' methacr y |ate - S-fglycidyloxy-lHscpropyloxy)^^^^ achate. aJEjtay- 
^ro^ropytoxy^-hydroxypropyl acrylate, methyl (meth)acrytete. ethyl (meth'acrtfate. butyl (m2£2 

r m 2T )a ^ benZyl (me *> acry,ate - (meth^crytote. ttaowpL*^^ 
SliSSi? f' 6 ?^' ( meth > acr y |ate - Phenoxypolyethyleneglycol (meth)acryla e. al^Z- 

r^ ^ncbonal methjacrylate polymerizable monomers such as triethyleneglycol dimtfhacrytat ItinMMn*** 

£?!i!222^^ L^exanediol di(meth)acrylate. neopentylg.ycol SJS5£ 

k m ^^^ e » h <«yphenyOpropane. 2,2-bis(4-methacryteylC4^^ 2? 

SSSSSSS^^ aCry "' C ^ ^ me,haCTyliC a ° d of hyd'rl 

genated I bisphenol A ethylene ox.de or propylene oxide adduct. dimethyloltricyclodecane <f(meth)acrvlate dimeth 
yloltncyclodecanepolyethoxy di(meth)acrylate, trimethylolpropane W(nrt)S 
^ra(meth)acrytete ( reaction product of ethylene glycol or *£S£»« ^ZV^TrT^ 
KSL « T" ° f P 01 ^ 6 " 3 9"ycol and glyddyl (methjacrylate, reaction produrt of btS I 

fSZZZZ!' Pf0W " e ? e °* We ^ 8nd reaction product of lJpSSn2£SSi2 

Aethylene coode or propylene oxide adduct and glycidyl (meth)aaylate. and urethane acrylate^nd 

22lSir 6 SUCh 38 Styfme ' ^tow^W "-methylstyrane, a-methy| St yrene dimer vinyl 

naphthalene, .sopropenyl naphthalene, bromostyrene and divinyl benzene ' ' y 
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5 

2^^£^ (m * h)acry,ate P0,ymerizaWe -~ * *• 

" S^s W arS?S 9ht " *" (m< * )aCrytete ™no™r other than the above-mentioned com- 

(D) 0 to 200 parts by weight of the styryl polymerizable monomer. 

[0034] Preferred examples will now be described in further detail. 
is [0035] In the composition of the above-mentioned polymerizable monomers, the epoxy-containing (meth)acrvlate 
polymery monomer (B) represented by the general formula (2) is the most pnJSL^3^S-2J 
Sr^O) 6 ^^"taining (meth^crytete pofymerizable monomer (A) represented b^the gTnTr^l 

refractive index of the cured product, and is a methyl group from the standpoint of the stability of the polymerizable mon- 
omer. « 1S des,red that R7 is a hydrogen atom from the standpoint of easy availability and S£7£EZ f£ZZ 
WmZT UPSden0t f 2 X R5 !f be ""■*»•»««* ethytenegroups. propylene gro**. SSSTSJ" 
St^^ 

SSi ^k" 9 !! VT"£ ? W-^onhhUno (meth)acrylate polymerizable monomer include glycidyl acrylate 
tl SIT? £ i J "^lycidyl acrylate, p-methylglycidyl methacrylate. bisphenol A-monogly^eS: 
SSL 9 methacrylate - 3-(8"ycidyl-2-oxyethoxy,- 2 -hydroxypropyl methacrylate, aS 3-Slycidy oTz- 
SZ^T* ^ (B) r ^nted by the general formula (2) n^y b^ 

in one kind or in two or more kinds being mixed together. i j iwyoBusea 

I003 S ^ 6 Compone,1t W ^ be used in ^ amount over a range of from 1 to 100 parts by weight per 100 carts bv 
waght of the component (A). There tends to take place an optical distortion when the amourt 7to 
smaller than 1 part by weight When the amount of the component (B) is larger than 100 prt * «£rt^£ 2£ 
hand Lthe compos.ton tends to exhtoi, an increased coefficient* water absorption a,* an^^ 
^onpolymen^ 06 aemofc °" 

ShTL ^T^Sn ' imte,i0n ° n C ° mPOnem (C) pr0Vided * iS 3 (Acrylate polymerizable monomer 

tT ^ mer,za t . b,e monomers represented by the above-mentioned general formulas (1) and (2) 
tH, JT~ trT"^ (meth)acry.ate polymerizable monomer can be used as the conponent (C . However 

m ° n0mer " W * iS ^'^P^bly used istheone repre^tedby ^335 

* 8 R8 
CH 2 =CCO-< CH 2 CHCH 2 0^-f R90 Rl 0 -f OR9-hrH OCH 2 CHCH 2 ) d -OCC=CH 2 
0 OH OH O 

(3) 



20 



25 



35 



40 



50 



wherein R8 is a hydrogen atom or a methyl group. R9 is an ethylene group or a propylene group, a b, c and d are 
« SngSrir 1 ^ e ^ 
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-CH2 




CH2- 



or a group represented by the formula, 




CH3 



or a group represented by the formula, 



R12 




R14 



Rll 




R13 



R15 



wherein R1 1 is analkylene group having 1 to 3 carbon atoms or a sulfur atom, R12, R13. R14 and R15 may 
be^same or drfferent and are halogen atoms but excluding fluorine atoms, or a group represented by*e 



-4CH2)e— /q\ 

\ ^ScH2)e- 



wherein e is an integer of 0 to 2, 
the one represented by the following formula (4), 



R16 

CH 2 = CCO-tR170) f -{CH 2 h 



-C^R18) h 



(4) 



4-h 



8 



EP 0 940 694 A1 



Tn Tm n ^n °! T" " a ^ 0rOiP ' R1 7 iS an <W or a propylene group, f is an integer 

I 1? ° r 1 :f nd 8 b ° ndinS hand iS when g is 0, h is an integerot 0 to 2 R18 is a hyircS 

atom, a hydroxymethyl group or an alkyl group such as methyl group or ethyl group 



5 or the one represented by the following formula (5), 



10 



15 



R19 
I 

CH 2 = CCO-eR20O-hr-HR21O--h r R22 (5) 
0 



R20and R21 ar ^he same or different alkylenegroups having 
1 to 4 carbon atoms, wh.ch may be substituted with a hydroxyl group, respective or are groups representX 

20 CH3 



45 



50 



55 




CH3 



R22 is an alkyl group having 1 to 3 carbon atoms, which may be substituted with a hydroxyl group an arvl orouo 
^ n ha!ea^ 

may nave a suostituent, and i and j are 0 or 1 , respectively. 

bjnctional (methjacrylate polymerizable monomers represented by the general formula (3). such as ethyleneqlv- 
col d,(meth)acrylate. d,ethyleneg.ycol di(meth)acrylate. triethyleneglycol di(meth)ac ryL e "etraiSS 

d!mirS?\^ lye ! ,y,ene9,y001 P-opyleneg.ycol dUthVac^late/dSeSS 

d. mem acrytate, tnpropyleneglycol di[meth)acrylate. tetrapropyleneglycol di(meth)acrytete polySeSS 
d,(meth) aCT y. ate , l.^hexanedio. di<rmrtn)acrylate. neoperrtylg.yco, di(meth)acrylate. CSSSSK 

nyijpropane 2 .2-b's[4-Cmeth)acryloyloxypropoxyphenytIpropane > 2 2-bisr4-(meth)acrvi™iow 

po^ro^er^ropane, 2.2*is[(3.5«ib ro mo^^ U$SS£%. 
lo^ej^enyq suBide. (meth)acrylic acid ester compound of bisphen^ethXToxida or pZSSe 
attuad'mahy.^ 

S ^^2l^ )aCryl f te ' P^ 3 *** 01 tetracme^acrylate. (methjacrylic acid ester compouncl^ gScS^tel 
oTlSif TT 6 ° r POlyethylene 9lyco1 ' ( met ^ lic **< ester compound of glycidyl J££ add!* 
of prc^lene glycol or polypropylene glycol, (methjacrylic acid ester compound of bisphenol A ethylene oSdTo^ 
pytene ox.de or glycjdyl alcohol addud, (meth)acrylic acid ester compound of hydrojenated bisphe^o! £ 
oxKJ^propytene oxde or glycidyl alcohol adduct. l^-bisfmethacryto^oxyetho^Snzene. 1 jSemStov 
loxyethoxymetr^)benzene.and1.4*i S (metha(^loyloxyeth(> X y e myO ™s(memacryloy 
^iT* V?*!" fUnCe ° nal < meth ) acr y ate POlymerizable monomers represented by the general formula f41 
such as tnmethylolpropane tri(meth)acrylate and perrtaerithritol tetra(meth)acrylate- and 

fZntS^f ?°; ymeri2able monomere represented by the general formula (5), such as glycidyl 

E t^ 0 ^ 6 ^ 1 (meth)acr y |ate ' benz * (methjacrylate. (methJa^oyloxyethoxybenTeSe 2 

(methjacryloyloxyethoxynaphthaleneand 1(meth)acryloyloxym e %lr ia prrthalene. ' 2 

[0042] The^methjacrylicacidester^^ 
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mixed together. 

JT/lf°!? X,n «ri (C) .T y be add6d a " am0urt of 0 to 500 Pa^ by weigh, per 100 parts by weight of the 
? • me Pr6Sent inverti0n CSn bS exhibited without ad^g the conponent (C) HowUeV Z 

component (C) may be added .n order to adjust various properties such as refractive index Abbefc number h*aW 

Snt H^i!^ ^5. * 9 efraC, ' ve index and a sma " ^cient of water absorption are not exhibited to ^i- 
raftalu Th e ' * e component (C) may be added in an amount over a range of from 0 to 500 pai^by weight 

K Par " CU,ar ,imitat, '° n ° n ,he COmp ° nent CD) P"**" il is a S W Polym^able rrSS£7?£ 

t7 6 d COmp ° nent (D) is ,he above-mentioned styryl polymerizable moromet P 

Snem rA^fSi D ir y ^ ^ in a " am ° Unl * ° 10 200 P3rtS * wei 9 W P" W parts by weight of the 
coZS £ " ™* eff ^of the present ,nVenti0n Can be eXhiWted ^ »he component (D) However the 

STT^ inore,erto ^t various properties such asrefractive index, sp^ficgravtyandTherate 

|A» are not exhibited, i.e . a large Abbes number and excellent fatigue resistance are not exhibited to a sufficient 

taSL IKS' ""** d, °"~ 30 ' nCfeaSe in * e re " active - the'cur JpriS It is 

SSSEST 8 * ^ 10 ' nCreaSe the ' S ™ Jmber 01 a product that has a hi 9" ^active index The cur* 

J? ■ CU 601 PfDduCt oUained by ^"B a **V»ene glycol (bisallyl carbonate) exhibits a 

refractive index which ,s as low as 1.50 but an Abbe's number of about 52 which is large enough for practical uThL 
ever a dimethacrylate of a bispheno. compound exhibits a refractive index which is as asTS bS a Ab^s 
number of about 35 which is not satisfactory. 

E J^!^?^ 65 ^ ^ 3 cured by curing the curable composition of the invention has a 

X 1 , ~ * f ■ COnCre,ely - n °' Sma " er than 1 ^ preferabl K not seller than £54 and more prXabl/Sot 
smaller than 1 .sr. a large Abbe* number which is the effect of the invention is chiefly due tcTe Z 

that the component (A) is contained in an amount of not smaller than 12.8% by weight when it is desired to obtain a 
refractive ,ndex of the cured product of not smaller than 1.52. contained in "bJ^^ JZZ^?££ 

^TaiSSXT a t re, r^ index 01 not smaller *" 154 - a * fe ™?r2 

smaller than 22.7% by weight when it is desired to obtain a refractive index of not smaller than 1.57. 
(Photochromic compound) 

t [ ^i^l Ph0t ^ rOm J! C ° mP ° Und ^ be used in the present invention """out ''Station provided it exhibits a oho- 
lT 7^1 ^? been ^ «* Photochromic compounds as fulgide compound. chrame^2™o Ur S 

and sp.rooxaz.ne compound, which can be used in the present invention. As the photochromic ccwrZndt ThXoan 
5™ ^o" 86 * 1 ^ ** h3Ve been known in U S " P*** No - «8M38. U.S. Patent No ^SuT'patent rT 

SSf SI No 22£ 'Tr 0081 Laid -° Pen Pat6nt * 9422854 ' «"ternaL~C Patent No 
9505371. US. Patent No. 4913544 and European Laid-Open Patent No. 0600669. These photochrorrtc com™ .J* 



(6) 




2? i,? 3 ' R24, S ^ b6 ,he 53,1,6 ° f dlfferent and m W"*™ W groups aryl groups 

ZZ ^Zn SS^SST he,eroCyCHC 9f ° UPS W ^ a ^ heterSc 

groups, wherein R25 and R26 together may form a ring, and a divalent group represented by the following formula 
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is a divalent aromatic hydrocarbon group or a divalent unsaturated heterocyclic group that may have a substituent. 
[0050] In the above formula (6), the alkyl groups represented by R23. R24. R25 and R26 may be those alkvl orouos 

Sol SSST "^T et ? 9roups> e%l 9roups - ^ 9roups - ^ ' W r 

butyl groups, or -butyl groups, and the aryl groups may be those aryl groups having 6 to 10 carbon atoms such as ohe 

ZSEZ ^T^*?^ " nm ^ ,n "» Sroup. aTleast 

■ 6 substrtuent te an altoxyi group having 1 to 4 carbon atoms, suchas methoxylorouD 
9 h P, » , n " P - 0POXyl ^ iSOprOPOXy ' 9rOUp ' ^ ***** W or tCCgrcT7hSen 

L^L^I 6 ^ ^° fine ^ ° r brDmine at ° m: 3 Perf'uoroalkoxyl^up such as S£> 

group, there can be exempted a monovalent group derived from a 5- to 6-mernbered ring ineS^orSS 
° f SU "" r , at0mS 35 atoms, such as pyrrolidine ring. 3£SS £ pSne 

nng piP eraz,ne r,ng or morpholine ring. As the unsaturated heterocyclic group, there can be exerSed a aroSSna 
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may be a divalent group derived from a condensed ring of one benzene ring or 2 to 3 benzene rinos As the divalent 
^ he,6r0Cy l C 9roup - *« <*" b ° -"l** a drvalen, group dLed iJl^En^r^ 

SliSSSTSSS? - r^ 0 ' ^ diva ' enl ar0mafc fl^P delude those £JI havTn^ 

nl^H^T ""9- naphthalene ring, phenanthrene ring or anthracene ring 

S ? ' ^ Cnt unsahjra,ed "^rocyclic group include those groups having 4 to 9 carbon atoms dwSSwIIS. 

be substituted. In th,s case, though there is no particular limitation, the substituent wiHbe a hatoa^S^^^. 
n^oni.neoriodine^alky.groupha^ng 1 to 10 carbon atoms. •AmJ^^SS^v^S^ 
-sopropjrt group, n-butyl group, isobutyl group or t-butyl group; an alkoxyl group having 1 to ^eato 2n?!S £ 

SS2 9 T ^ ^ 9 ro "P- taPW group, n-buto^i group SZ^TiZ^'t^ 

group; an , aryl group having 6 to 1 0 carbon atoms, such as phenyl group, toly i group «%M^^ZZ^S1 

lS^? m ? ): " amin ° flr ° UP havi " 9 1 to 10 carbon atoms ' ««* as malhylarW^rSSa^ 

KSSSES bSt n ° ° roUP ' " ^ ro ^ no W « nitrogen-confining £££££Z 
nTrooen l^^Tl^ ar0,m,,C h > drDcarbor » W • to an unsaturated heterocyclic group through a 

5L^S ""Kf- ^^P^^sedac^pound in which ^3 and R24arebothh 
gen atoms, R25 and R26 may be the same or different and are aryl groups or unsaturated heterocyclic groups which 
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^Z^T^ W ^ ^ 3 ***** 11 ""V"™ *°*> <* ■ norbornylidene group being bonded to 




10 



Sl P „ r n , f ab,y 3 9 ?^ P fr ° m 3 na P hthalene 9™P- » h *" ™* be substituted with an alkyl group having 1 to 

!! «Sn E£ ^ 9r0lJP 9 1 10 10 m at0mS " 8 heterocydTc ^roup h«* 4 to 

[0056] Concrete examples of the chromene compound that can be favorably used in the present invention are as fol- 



15 lows: 



20 



25 



30 



35 



1) Spiro[norbornane-2,2 -[2H]benzo[h]chromene]; 
ajSpirotbicyclota.a.lJnonane^.a'-pHlbenzoIhJchromene]; 

3) 7'-Methoxyspiro[bicyclo[3.3.1]nonane-9,2 H2H]benzo[h]chromeneJ; 

4) 7'-Methoxyspiro[norbornane-2,2'-[2H]benzo[h]chromene]; 

5) 3.3-Bis(3-fluoro-4-meti 1 oxyrjhenyl)^morr^lino-3H-berizo[f]chrornene; 

6) 3.3-Bis(4niiettx^henyl)-6-nfK>ipriolino-3H-benzo[f]chrornene; 

7) 3-p-TrHliJorornethyl^-rnethoxypheriyO^-(4-rnetr^ 

SJS-lsopropyl^^-diphenyl-aH-berttorhlchromeneiand ^iTjcnromene, 
9)5^sopropyl-2,24)is(4-morpliolinophenyl)-2H-benzo[h]chrornene. 

Si tolT™™* COmPOUnd ** iS U66d in 1,16 Present invention can be by the following 




(7) 
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wherein R27. R28 and H29 may be the same or different and are alkyl groups, cycloalkyl groups cycloaralkvl 
« ! 9f0UPS ' «W* ^xyca 9 rbon P yla.^ g»i^XSSS 

Zot SSl^ a ^.^PS. substituted amino groups or nitrogen-comailg htferocyclc 
groups. R28 and R29 may form a ring being bonded to each other, and R27. R28 and R29 may have a substituent 

halosen a nitro 9 ™ p - a cyano 9roup or a heterocydic ^ in 

f?Sf f 01 ^ rep K resented * R27 ' 028 and R 29 ''n the general formula (7) may be those alkyl groups having 1 
U IZ^IT 0m6 ' T f IT* 9rOUPS - '** 9r0UpS - butyl groups isobuty. groupsTSSl 

and neopentyl groups. Cycloalkyl groups may be those cycloalkyl groups having 3 to 10 carbon atoms, sue* as *X 

4 to 1 carbon atoms, such as cyclopropyl methyl groups, cyclohexylmethyl groups and 2^clohexyLhr ci rouDs 
^S roUPSmay *^**«W»l»lnQ 1 to 10 carbon atoms, such Lm^o^ 

Ee^S 9 ^ itr* 0 ^ r ups ' ***** isobutoxyi «w and w iJKSSIi 

be those dtoxyalkyl groups having 2 to 11 carbon atoms, such as methoxymethyl groups. etho^eL oXTt- 
butoxymethy, groups, methoxyethy. groups, ethoxyethy. groups and t-butoxyethy. groups. LxycaZnTgro^ may 
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be those alkoxycarbonyl groups having 2 to 1 1 carbon atoms, such as methoxycarbonyl groups, ethoxycarbonvl arouos 
n-propoxycarbonyl groups, isopropoxycarbonyl groups, n-butoxycarbonyl fm isL^oS^^ 
butoxycarbonyl groups. AJkoxycarbonylalky. groups may be those altoxycaLnylaiky. 0 «S S > £T >£L 
^r^f rb ° ny,rne,hyl -^arbonylethyl groups and elxyoa^m«hyl^p?^ 

groups may be those aryl groups having 6 to 12 carbon atoms, such as phenyl groups, tolyl groupT xXl aZl anS 
naphttjy groups. Aralkyl groups may be those aralKy. groups having 7 to U^rtoLtoZZT^^S 
phenetyl groups and naphthylmethyl groups. Aryloxyl groups may be those aryloxyl groups ha^n?6 to 1 2 <LXn 

atoms, such as acetyl groups, propionyl groups, butyryl groups and benzoyl groups. Acyl^grouS aJe those aSS 

S3 £J2S^ 9r0UPS ^ 66 * hOSe amin ° 9TOUPS having 1 ,0 10 atoms such as methyE 

h^l % ° 9r K UPSl ethy,arrin ° 9r0ups ' diet W» m ™ groups, diisopropylamino groups. NitrogenSSna 
heterocyclic groups may be those nitrogen-containing heterocyclic groups having , 1 to 10 carbon aS3ed to a 

Z^^^'^"* SUChaS ***** ^ P^nogroup 3 ^SoTC.^ 
omorprtolino groups, N-methylpiperazinyl groups and indolyl groups. 

[0059] In the general formula (7), furthermore, the divalent group represented by, 

ex 

is a divalent aromatic hydrocarbon group or a divalent unsaturated heterocyclic group which may be substituted and 
[0060] In the general formula (7), the divalent group represented by. 



GC 



is a divalent aromafcc hydrocarbon group or a divalent unsaturated heterocyclic group which may be substituted As th» 
djvalent aromas hydrocarbon group, there can be exempted those divalent fl^dS Tfrom a ^n^n^oTa 

SZ^SLT"? 8 ^ 10 7 - 11embered ring ****** 1 or 2 oxygen atonS, nLgen ai or sZ ator^ i 
nn^^wng atoms, or from a ring thereof condensed with a benzene ring. Concrete exam£« £th*22^ 

rinfnhS^f 0 " Sr0UP ' nCllJde th0S6 ha ™ 9 6 10 14 «*°" atoms d enVed from benzene ring nSSle^e 
□rZTSTZ 8 m9 ° r t* raCene rinfl " Furth ™- examples of the divalent uriS 2££ 

group include those groups having 4 to 9 carbon atoms derived from furan ring, benzofuran ring Sine "« iSSZ 
nng. .soqu.nol.ne ring, pyrrole ring, thiophene ring or benzothiophene ring ^ 9 ' q * 

aHHHL for »» ab°ve-™ntioned divalent aromatic hydrocarbon group or the divalent unsaturated 



. NR 30 R 31 



TZSS^!£SiS ^H!^ ^ ^ alkyl 9rOUP6 ' ^ W «W which may 

besubstrtuted, and R30 and R31 may be bonded or cyclized together to form a nitrogen-containing heterocyclic 

Stantipcin[ of initial Pnotochromic properties such as a high color density. 
Wj*2] Concrete examples of the spirooxazine conpound that can be favorably used in the present invention are as 
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^4)0X3^™ ^"^^ 
a](l^Sn^^ 

5) 3 ,3 -D.methyl-1 •isobutylsp.ro-(3H)indole-2 '-(1 'H).3"-{3H)naphtho(3.2.a)(1,4)oxaane. 
Ssj. fU ' 9ide C ° mP0Und ^ iS 1mBbtf in *" V*** invention can be by the general tor- 



R32 O 



0 



X (8) 



O 



wherein 



oc 

a divalent aromatic hydrocarbon group or a divalent unsaturated heterocyclic group that may have a substituent 
R32 is an alkyl group, an aryl group or a monovalent heterocyclic group, substrtuerrt, 

C c ) 

z 

is a norbornylidene group or an adamantylidene group 

Xis an oxygen at^,agrou P >N.R33, a g roup>N . A i. B i: (A 2 )m ^ 2)n . R 34 agr ^ 

wherein R33 is a hydrogen atom, an alkyl group or an aryl group, and A1 . A2 and A3 may be the same or dif 
and B2 may be the same or different and are groups, 



0 0 0 O O 



0 



-0-, -C-, -OC-, -CO-, -0C0-, -CNH-, or -NHC- 
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TOZiZ !U n ^ ° W 1 J^ dently fr ° m 6aCh 0ther ^ when m is °- n is °- 034 * an alky, group, 
a naphthyl group or a naphthylalkyi group. A4 is a naphthyl group, and R35 is a halogen atom a cyano 
group or a nrtro groupi ' J 
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J!!™ 38 T^ 01 ** ™"*°ned in connection with the above-mentioned formula (6). and the substituerrts for 

Smu'atr 9r0UPS merrti ° ned " COnn8Cti0n ^ 1,18 Chrar9ne COmpound kerned by ^ above-^nSd 
S ^ ^-merrtoned formula (8), the alkyl group, aryl group and heterocyclic group represented by R32 
denvS Z^sTv^Z l 4 at0m ^ a " ^ 9r0UP havin9 6 10 10 atoms and alonoval grSp 
^tli „ ""9 * ereof condensed wrth a benzene ring. Concrete examples of the alkyl grot* include methyl 
ES^lST bUtlrt 9r0Up and cycl °P r °Py' 9™P- F^hermore, concrete exarnpTes^f 

^ 101X1 9r ° UP and ^ 9r0up Conc,0te 01 the Heterocyclic group include thoJgraZ 

n^? « T l 1 ^***** heterocyclic rings such as pyrrole ring, pyridine^ng, quinle '^13 
nng. oxygen-contammg heterocyclic rings such as furan ring, benzofuran ring and oxoran ring- and su^nteinina 
heterocycl.c nngs such as thiophene ring, benzothiophene ring and thioran ring suitu^onta.nmg 
W066] When X is >N-R33 in the above-mentioned formula (8), the alkyl group and aryl group represented bv R33 ar* 
the same as those represented by R32. When X is > N-A 1 -B , -(A 2 ) m -(B 2 ) n -R^ >n-A 3 -A ^dSSjS 
£ alkylene group represented by A, . A2 or A3 is the one h^lloi^JU^n^^S; 

5? 4 SS.? B * B * ^! ttly ' er,e Sr0UP ° f «■"•«*'"'• 9™* that the alkylidene grouse oTh^g 
f« ^ r™ 5, aS ^ dene W Propylidene group or isopropylidene group, that the cJdoaiS «S 

[0067] When X is >N-A 1 -B 1 -(A 2 ) n ,-{B 2 ) n -R3'« in the above-mentioned formula (8) furthermore it is desired that «,« 

Sroup ' 8UCh 35 naphthylm ^ ■«* group, naphth^propy. gr£p £ 

l H! 6 !!\ ■ Tf^l ftJ ' 9ide com P° unds fepfesented by the abov<wnentioned formula (8), it is desired to use a com- 

„ 2 ' S a " ^ 9r ° UP ' X iS [wherein R is a 9™P hJing " STorS^ "JiTa 

n Uodky. group havmg 1 to 4 carbon atoms or an alkoxyca-bonyfalkyl group having 3 to 9 carSon ^fSSan 
altocyl group having 1 to 4 carbon atoms and an alkylene group havingTto 4 caLi atoms^ 

\ / 

o 



is an adamarrtylidene group, and 



55 




is a heterocyclic group which may be substituted by an aryl group having 6 to 10 carbon atoms or an alkoxvarvl nm„n 
bonatomsjand.particularly.agroup derived from a thiophene ring, from the standpoint of fotigue Stance in LX 
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tochromic action. 

SL^ST* 6XamPleS - *" M9ldB ** °" 156 faV ° raUy ^ the P fesent « as 

Fulgide compounds: 

[0070] 

' clU.3.1 N i]dS^ tri °y 
2 N fi ^?°T t ^ l " 6,7 ^ Mro " 4 " me, ^ ,s ^ 3 1 iktocanev 

Ir!^ 

Ip.a.i.iSnT^ 

[0071 ] When the curable composition of the present invention is used for the lenses of soectacles » r«inr ton* «r „„ 

two or more kinds of drtferent photochrome compounds are used being mixed together. The abeve-merrtoned S 
compound and the spirooxazine compound generally deve.cp orangeto b.ue Son, Upon achtmSei 

K IT?*!™ 9 * 5 ye "r "** * iS a " 0 " ed ,0 ° btain ar) ™™ ^ grey o bZ, 

IS J, 1™ P Tf u 0 "' the P hotochromic "W* is Wended in an amount of from 0 001 to iZrts by 

33 aue SalTnt "I? ?*• P*™*— ™™ e - Wh - * "-urn is smaller San O.uSC £ 
weight, fatigue resistance in the photochromic properties is lost When its amount is not smaller than 10 oarte h« U 

inTamol T' ? TT** *"*'» " *' «*" * a ^ extent. SSSS^SS KSS 
m an amount of preferably from 0.01 to 5 parts by weight and. more preferably, from 0.01 to 1 part^ we. fl S per 100 
parts by weight of the whole polymerizaUe monomers. Within this range, there are dti^tniMbS^ZJS. 

rS C T 0rtieS «" in9 3 b9tWeen 916 ™*>» arSthe inrSSr ^ Ph ° t0 " 

Sl^. w J" lh8rmore - *• Photochromic curable composition of the present invention may be blended with 
avanetytands of stebilizersand additives, such as releasing agert, ultraviolet ray 

%XZS£T ^ ^ ***** ^ a « ^toZZSS&Z 

Snn H a !fl eS,red '° blend » ne .P h0toch ^ic curable composition of the present invention with an ultraviolet ray- 

[0075] Any known ultraviolet ray-absorbing agent that has been added to various plastic materials, can ta^SSS 
ou limitation. Examples of the ultraviolet ray-absorbing agent that can be favorably used in S otient^^ 
.rKiidebenzotria.o.eu^^ 

vjolet ray-absorbing agent and cyanoacrylate ultraviolet ray-absorbing agent 9 9 ' * * 

SS 1^? f he abo^-mentioned uNraviolet ray-absorbing ag ents tne benzotriazole utlraviolet ray-absorbino 
23 ™T ^ S BCti ? in imprWin9 th ° fat9ue re8,6tance - ** ^ benzotriazole uSe5 ay-aSS™ 
ex3 D r^ k ^ 1 *" 3 benzoWazole «■**" and ultraviofet 
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HO 

j@:i>-® 

R38 R36 



HO. ,R37 

(9) 



10 
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[0077] in the above-mentioned general formula (9). alkyl groups represented by R36 and R37 mav be those alkvi 
groups may be those aryl groups having 6 to 20 carbon atoms, such as phenyl group. buMphenyl .SElkJ? 

En RseTrS ^^tr 18 ^"W^W aaent * the one represented by the general formula (9) 
wherem R36 and R37 may be the same or different and may be alkyl groups having 1 to 5 carbon atoms and rartal 
tar* methyl groups, t-butyl groups or amyl groups, aryl groups having 6 to 15 carte*, atorr^anti "StaSS S5" 

Srr 1 Jl x,,ylpheny, t " ctylphenyl 9roijps or ara ^ iXT^SSSTrt 

particularly, benzyl groups or a.a-dimethylbenzyl groups ' 
Sinv^^^ ^ — « « °> "-d in the 

S 2^" hSw KlT^ 6 ^ 32016 Itrade " ame: Tlnubin P - P^ced by Nfoon Chiba Geigy Co ]■ 

» k^^^^ ttrade name: ^ ^ * 

(3) ^-(^S-Di-t-butyl-a-hydroxyphenyObenzotriazole [trade name: Tinubin 320. produced by Ninon Chiba Geigy 

g££2*^ *** ^ ™ ** I"*— ^ Nihon 

Si^?" ^^^-^^"^iazo'e [trade name: Tinubin 327. produced by Nihon Chiba 

Sofa ( i 5 ' Di ' , '^' 2 ^* 0 ^ eny,)benZ ° ,ria20,e [tr3de name: 71nubir ' 328 " * N in°n Chiba Geigy 

(7) 2-(2'-Hyclroxy-5'-t-octyl P henyl)benzotriazole [trade name: Tinubin 329. produced by Nihon Chiba Geigy Co]. 

ESLTi" iS n l p ^! icular limitation °" t^ amount of using the ultraviolet ray^bsorbing agent Usually however 
the ultravrolet ray-absorbing agent is us«J in an amount of from 0.001 to 10 parte by weight anTo i fromTo ' 
0 1 part by we^ht per 100 parts by weight of the whole polymerizable monomers ^ ' P y,frOrn0 ° 1 
1 ™"L U P° n priding an infrared ray-absorbing agent furthermore, there can be obtained a photochrarrric cured 
product havmg infrared ray-absorbing ability in addition to photochrome action. As the infrared ?™ 
there can be used a polymethine compound, a diimmonium compound, a cyarfnelonwd 1 Z££Z£Z£ 

10082] The .rrfrared ray-absorbing agent is blended in an amount of preferably from 0 0001 to 1 Dart hv ^ 
more preferably, from 0.001 to 0.01 part by wefcht per ,oo parte ^J^^^S^^iiZ^ 

(Curing method and cured product) 

10083] There fe no particular limitation on the polymerization method for obtaining a cured product from the ohntn 

SE^^^I^T™ 'T" 68 ° r radiCa ' P°^ a « 0 " WW- such as azo compounds^ 
Being irradiated with ultraviolet rays, «-rays, p-rays. y-rays. or based on both of them. A typical polymerization method 

3 ^ P*™™*" ^ which me photochromic composition of the invention blended with a^T^TymeS^ 
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this rnokJ^ P "^"^ ^ held by an elastomer gasket or a spacer, cured in the air furnace, and is taken out from 

[0084J There is no particular limitation on the radical polymerization initiator fln H i 

Representative examples include diacy. peraxWes 32^1^1^^ 
oxide, lauroyl peroxide and acetyl peroxide; peroxy esters s^V^S^^ l^ P d9cancy ' Per " 
decanate, cumylperoxyneodecanate. t-bu^ro^Tnz^n; i n TSZZt^*'^**' 0 **"** 
percarbonates such aedlteoproprtwa^^ hexanate; 
azobisisobutyrcflitrilearKltheZ ^ ,rarbor,ate ^ d,- sec-butylperoxydicarbonate; and azo compounds such as 

by weight per 100 parts by weight of the whole pohymerizable 1^ 

[0086] Among the polymerization conditions, the temperature particularly affects ttm nmnartioe ^ ^ ^ 

mmmm. 

EXAMPLES 

[0090] The compounds used in Examples and their abbreviations are as described below. 

(1) Sulfur-containing (methjacryiate (polymerizable monomer represented by the general formula (1)). 

3S4G: Bis{2-methacryloyloxyethylthioethyl) sulfide 

3S4QA: Bis(2-acryloyloxyethytthioethyl) sulfide 

3S4GP: Bis(2-rnema<^loyloxyisopi^yrthic^propyl) sulfide 

1S2Q: Bis(2-methacryloyloxyethyl) sulfide 

2S3G: 1,2-Bis(2-methacryloylaxyethylthio) ethane 

(2) Other monomers. 



GMA: Glycidyl methacrylate 
BzMA: Benzyl methacrylate 
TB:2,2-Bis[4-methacryloyl^^ 
3PG: Tripropyleneglycol dimethacrylate 
MS: a-Methylstyrene 
MSD: a-Methylstyrene dimer 
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BPE:2,2-Bis(4-meflhacryloyloxyethoxyphenyi)propane 
4G: Tetraelhyfeneglycol dimethacrylate 
St: Styrene 

XEMA: 1,4-Bis(methacryloyIaxyethylthk)methyt)benzene 
(3) Photochrome compounds. 

C1:Spiro[bicyclo[3.3.1]nonane-9,2'-t2H]benzo[h]chromene] 
C2: 3>Bis(3-fluoro-4-methoxypher^ 

C3:5-lsopropyl-2,2-diphenyl-2H-benzo[h]chromene 

C4:5Hsoprapyl-2,2^is(4-morphoiinophenyl)-2H-benzo[h]chramene 

f)(1 4S'zine)' 1 ' ,5 '^ im * h ^ 6 "'™ r ^ 0lin ^^ H) ( 3'H3H)naphtho(3,2- 

(Preparation of polymerizable monomers). 
(Preparation Example 1) 

fSL^Z^fH 01 3 3 : 6 - 9 - tr " hiau ' ldeca - 1 - 1 ™ 9 d-20 mols) of a methyl methacrylate. 10 g of 
a cesium carbonate. 1.0 g of a p-methoxyphenol and 30 ml of hexane. were fed and were reacted at a refund™ t«T 
perature for 18 hours. During this period, the isolated methanol was ^^ISSS^^S 
troprc cteUtabon w,th hecane. After the reaction, the hexane and the excess of methyl melhailSSldlS^S 
and 1 90 ml of toluene and 300 ml of hexane were added thereto. After the solid matters such as catalyTusS S *e 

^ of f^^T 9 and an0ther ,hree times with an solution containing 20% of sodium chtaSTS 

^amsofact^edcarbonwasaddedtotheorganiclayer^ 

(Preparation Example 2) 

35 

S>lJ\ 2n CZ?1 2S3G < r^° b, l ned in a " am ° um * 77 9 (yield - M% > in » e ^nner as in Preparation 
t 1 * feedlnfl 50 9 (0 27 mote > 01 a 3.6^ithiaoctane-1.8-diol, 160 g (1.60 mols) ofTmethvl 

methacrylate. 1.0 g of a potassium carbonate. 1.0 g of a p-melhoxyphenol and 30 ml of hexane ^ 

« (Preparation Example 3) 

Examp e 1 wrth the except.on of feed.ng 50 g (0.41 mols) of a thiodiethanol, 230 g (2.30 mol) of a methyl methlaXV 
1 -0 g of a potass.um t-butoxide, 1.0 g of a p-methoxyphenol and 30 ml of hexane crylate, 
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30 



45 



50 



(Preparation Example 4) 



EL 1 St! 01 y J^L^ - 3,1 am ° Unt 70 9 ^ in *• ™™e< as in Preparation 
S2tl f * feed ' r,S 50 9 (021 m0,S) 0f a 3.6.9-trithiaundeca-1.11-diol, 120 g (1.20 Zs)7a 

mloSe^t ^ ' 9 ^ aCKIOT 



(Preparation Example 5) 



nSlL f n ' ept '° n 01 feed ' ng 50 9 (021 mols > of a 3.6.9-Mhi au ndeca-1,11^iol. 100 g (1.16 mote) of a 
methyl acrylate. 1 .0 g of a potassium carbonate. 1 .0 g of a p-methoxyphenol and 30 ml of hexane 
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(Preparation Example 6) 



W096I A pale yellow oily 3S4GP was obtained in an amount of 54 g (yield, 74%) in the same manner as in Preparation 
Example 1 with the exception of feeding 50 g (0.17 mote) of a bis(hydroxyisopropylthioisopropyl) sulfide, 120 g (1 20 
molsjofamethylmethacrylate, 1.0 g of a cesium carbonate, 10gofap-methoxyphenoland30 mlof hexane 



(Preparation Example 7) 

l^L 50 S 21 m ^! S) • C ' 3 3 6 ' 9 - trrthiatJ " d ^-1 .1 1-dW. 40 B (0.51 mols) of pyridine and 200 ml of chloroform 
were fed and the mixture solution was cooled to 5°C. A methacrylic acid chloride in an amount of 48 g (0.46 mols) was 
dropwisely added thereto at a temperature of not higher than 10°C. and the reaction was conducted for 12 hours After 
the reactionjhe mixture solution was washed with 10% hydrochloric acid and with an aqueous solution containing 20% 
of sod,um chloride and. then, the solvent was distilled off. The obtained oily product was refined by using a silica gel 
column chromatography to obtain a colorless transparent 3S4G in an amount of 57 g (yield.73 %). 

(Example 1) 

XL ^!T te m W6i9ht 01 * he 3S4G aS 3 (meth)acrylate and 10 parts by weight of the GMA as 

another polpnenabto monomer were mixed together and stirred at room temperature for 2 hours, lb the mixture solu- 

2-ethyl hexanate as a radical porymer.zat.on initiator, which were then mixed well. The mixture solution was poured into 
amold constituted byaglassplateandagasket of an ethylene/vinyl acetate copolymer, ami was cast-wlymerized The 
polymerratmn was conducted by using an air furnace while gradually elevating the temperature from 30°C up to 90°C 
ZZnHl J T maintainin 9 * e temperature at 90°C for 2 hours. After the polymerization, the nrnold was 
SEl. J?"!!" 8 furnace was left to cool. Then, a cured product was taken out from the glass mold 
EST 2Srr,n P !° ,0Ch ^ C ^TZ™ < 2 mm thi <*> ™* '^«ted with a light beam from a xenon 
bXnfn^S^^ 

by Corning Co.) at 20°C ± 1«C ma.rrtain.ng a beam intensity of 365 nm = 2.4 mW/cm 2 and 245 ran = 24 uW/cm 2 for 120 
seconds to develop a color, in order to measure photochromic properties as described below. 

•Maximum absorption wavelength pimax (nm)): 

[01001 A maximum absorption wavelength Xmax of the cured product after it has developed color was found by usinq 
a spectrophotometer, MCPD1000, manufactured by Otsuka Denshi Kogyo Co. 

'Color density: 

absorption wavelength of the photochromic compound of when it has developed a color upon being irradiated with light 
under the above mentioned conditions for 120 seconds, and £ (0) is an absorbance of the photochromic compound at 
an absorption wavelength same as that of when it is not irradiated with light to develop color. 

'Photochromic fatigue resistance: 

[0102] Life until fatigue was measured by using a xenon fademeter, FA-25AX-HC, manufactured by Suga ShikenW 

S'emefeTforlS It k^TT^* ^ P ° lymer WaS irradiated with 'W from the xenon 

Tfe ' 6 * PrDdUCt W8S t0 d6ve, °P «** according to the above-mentioned 

32Si5r gU lT t bY 3 ' a *° (%) °* *" absorbance * a maximum absorption wavelength of the 

sir^TgSzr;:^ 

[01031 Optical properties of the obtained cured product was measured according to the following testing method. 
Refractive index and Abbe's number: 

f™?' * refractv " index a"fan Abbe's number were measured at 20°C by using the Abbe refractometer manufac- 
tured by Atago Co. Bromonaphthalene was used as a contact solution. 
[01 05] Measured results were as shown in Table 1 . 
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(Examples 2 to 17) 



Se f Ste elcZr! T™** T ° bteined ^ COndUC,i " 9 the **"■'»■«' same manner as in 
pM^J^T^i^St T X ' mntmm9 (meth ^ acr V |ates - ot her monomers and photochrome com- 
pounds shown ,n Table 1. and their photochrome properties were measured. The results were as shown in Table 1. 
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(Comparative Examples 1 to 5, Example 18) 



[0107] In Comparative Examples 1 to 5 and Example 18. the procedure was carried out quite in the same manner as 
TabteZ Uan9 "^""^ shown in Table 2 38 Po'ymerizable monomers. The results were as shown in 

•i 1081 „7 hS cu l ed i .P roduct °' Comparative Example 1 exhibits excellent photochromic properties but a low refractive 
number, which are the requirements for the spectacle lenses. The cured product of Comparative Example 2 that uses 

jSrT^tf *t 3 "t"** 6 ind6X ° f n0t smaler tha " 1 56 M Brf * HB P°° r fati 9 ue ^stance in the photo- 
chromic properties and poor color density. The cured product of Comparative Example 3 which uses a compound of 
Japanese Unexamined Patent Publication (Kokai) No. 169918/1996 exhibits an excellent refractive index Snoto- 
chrorrnc property .but exhibits an Abbe's number which is not large enough. On the other hand, the cured products of 

£J^p Z?h£ 3 k ^ ^ a " number Wh,Ch are ,arger than those * Comparative Examples 
despite the Abbes number generally decreases with an increase in she refractive index 

PM Oq Comparative Examples 4 and 5 deal with the cases where the photochromic compounds F1 and S1 are used 
while using the polymerizable monomers same as those of Comparative Example 1 

Comparison with these Comparative Examples tells that the cured products of the Examples are practicable enough 
extorting a .color der*tfy and fatigue resistance comparable to, or greater than, those having low refractive indexes 
despite F1 or S1 is used as a photochromic compound. 

T' 0 ^ d ^ i,h a „ C ? Se wh8re *" 3S4G fe Resized from a methacrylic acid chloride and an alcohol 
but exhibits fatigue resistance which is not large enough compared with Example 6. 
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Claims 



1 ' l^°i^ h r iC C T1 C0m P° Sit,On COm P risin 9 100 by weight of a polymerizable monomer containing at 
generaffa * SUlfUr ' C ° nta,n ' n9 ( meth )^ polymerizable monomer represented by the foiling 



Rl R2R3 R2R3 ri 

CH 2 = C — CO-iCHCHS^-CHCH — OC - C = CH 2 (1) 

o o 



SS^J to^o"* R3 ^ ^ ^ W different ^ ^ hydr ° 9en at ° mS ° r methyl ^ a " d n an 
and 0.001 to 10 parts by weight of a photochrome compound. 
2 " 22SSl^2^ B COmpOSiti0n accordin 9 to claim 1. wherein said sulfur-containing (meth)acrylate polymer- 

a bis(2-methacryloyloxyethylthioethyl) sulfide; 

a bis(2-acryloyloxyethylthioethyl) sulfide; 

a bis(2-methacry(oyloxyisopropyfthioisopropyl) sulfide; 

a bis(2-methaayloyloxyethyl) sulfide; or 

a 1,2-bis(2-methacryloyloxyethylthio) ethane. 

3. A photochrome curable compoation according to claim 1, wherein said sulfur-containing (meth)acrylate polymer- 

4 " JrE^^ 10 CUraWe COmp0$iti0n acoordin9 to an * P recedin 9 claim, wherein said polymerizable monomer com- 

(A) 100 parts by weight of the sulfur-containing (meth)acrylate polymerizable monomer expressed by the 
above-mentioned general formula (1 ); y 

<B) 1 to 100 parts by weight of an epoxy-containing (meth) acrylate polymerizable monomer represented by 
the following general formula (2), ^ 



CH 2 = 



R4 

i 

C — C 
(I 
0 



R7 

-R5 — O )p ( R6 — 0^q-CH 2 C CH 2 

\ / 
0 



(2) 



wherein R4 and R7 may be the same or different and are hydrogen atoms or methyl groups, R5 arxi R6 
are the same or different alkylene groups having 1 to 4 carbon atoms, which may be substituted with a 
hydroxy! group or a group represented by the formula 
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CH3 



CH3 



, and 



p and q are 0 or 1 , respectively, 

(C) 0 to 500 parts by weight of a (meth) acrylate polymerizable monomer other than the above-mentioned com- 
ponents (A) and (B); and 

(D) 0 to 200 parts by weight of a styryl polymerizable monomer. 

5 ' iSs Chr ° miC CUr8ble C ° mp0Siti0n accordip 9 t0 c,aim 4 - wherein the above-mentioned polymerizable monomer 

100 parts by weight of the above-mentioned component (A); 
1 to SO parts by weight of the above-mentioned component 

(B) ; 

0 to 500 parts by weight of the above-mentioned component 

(C) ; and 

0 to 100 parts by weight of the above-mentioned component (D); 

and when the above-mentioned photochrome curable composition is polymerized and is cured there is 
obtained a cured product having a refractive index of not smaller than 1 .52. 

6. A photochromic curable composition according to claim 5, wherein the above-mentioned polymerizable monomer 
contains . 

100 parts by weight of the above-mentioned component (A); 

1 to 70 parts by weight of the above-mentioned component (B) ; 

0 to 400 parts by weight of the above-mentioned component (C) ; and 

1 to 100 parts by weight of the above-mentioned component (D); 

and when the above-mentioned photochromic curable composition is polymerized and is cured there is 
obtained a cured product having a refractive index of not smaller than 1 .54. 

7. A photochromic curable composition according to claim 6, wherein the above-mentioned polymerizable monomer 
contains. 

1 00 parts by weight of the above-mentioned component (A); 

2 to 70 parts by weight of the above-mentioned component (B); 

0 to 200 parts by weight of the above-mentioned component (C); and 

1 to 70 parts by weight of the above-mentioned component (D); 

and when the above-mentioned photochromic curable composition is polymerized and is cured, there is 
obtained a cured product having a refractive index of not smaller than 1 .57. 

8. A photochromic lens comprising a cured composition according to any preceding claim. 
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